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important tricuspid and pulmonary regurgitation, right
ventricular dysfunction, ventricular septal patch leaks,
and stenosis of the right ventricular outflow tract
(RVOT) and branch pulmonary arteries.1-9 Hemo-
dynamic abnormalities and cardiac arrhythmias are
indications for late reoperation after corrective
repair.2,10,11 To date, the literature on reoperation has
focused primarily on children or adolescents.10-13 The
indications, the nature of reoperations, and the long-
term outcomes have not been well defined in the grow-
ing population of adults after their transition from pedi-
atric to adult care. The purpose of this study is to review
indications, surgical procedures, and outcomes in adults
with repaired TOF referred for reoperation.
Methods
Population. The study population consisted of 60 consecu-
tive patients (50% male) who underwent a reoperation
between 1975 and March 31, 1997, at the Toronto Congenital
Cardiac Centre for Adults (TCCCA). Ten patients (17%) were
referred from outside the province of Ontario. A total of 330
O perative correction of tetralogy of Fallot (TOF) hasbeen performed for more than 40 years and is well
established. Long-term outcome and quality of life of
patients who survive the first 30 postoperative days are
excellent, but patients continue to be at risk for long-
term morbidity.1-5 An increasing number of adults with
repaired TOF are having late complications such as
arrhythmias, heart failure, and sudden death. These
complications are a result of the deleterious effect of
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REOPERATION IN ADULTS WITH REPAIR OF TETRALOGY OF FALLOT: INDICATIONS AND 
OUTCOMES
adult patients (ie, age > 18 years) with repaired TOF are being
followed up at the TCCCA; therefore the 50 patients under-
going reoperation represent 15% of the total number of patients
being followed up. In total, however, 1467 patients with TOF
have been assessed in Toronto and would currently be over the
age of 18 years. Therefore the 50 local patients requiring reop-
eration represent 3.4% of the total population at risk (personal
communication, Dr Brian McCrindle, February 1998). 
Medical and operative reports were reviewed to obtain the
surgical techniques used for initial corrective repairs and to
obtain details of reoperation indications, surgical procedures,
perioperative complications, and late outcomes. Follow-up
was obtained in all patients to 1997 except for 3 patients who
were last seen in 1996. All 3 of these patients had a follow-up
longer than 1 year and 2 longer than 5 years after their reop-
eration. Forty-eight of the 60 patients were followed up at
TCCCA and reviewed by the authors. Two patients living in
the Toronto area and 10 patients from outside the province of
Ontario are being observed by their referring cardiologists.
The demographic data are presented in Table I. The mean
age at corrective repair of 13.3 years (range 4.1-55.9 years) is
older than current surgical practice. Initial corrective repair
was performed during childhood or adolescence in 48 patients
(80%) and during adulthood (age ‡ 18 years) in 12 patients
(20%).
Indication for reoperation. Patients with residual lesions
after repair of TOF were considered for reoperation when
their symptomatic status deteriorated or there was objective
evidence of progressive right heart dysfunction including the
onset of tricuspid insufficiency or ventricular or supraventric-
ular arrhythmia.14
Complications of the RVOT were the main indication for
reoperations in 45 patients (75%), and these were performed
20.6 ± 6.5 years (7.4-36.4 years) after the initial corrective
repair (Table II). A right ventricular systolic pressure higher
than two thirds of the left ventricular systolic pressure or a
pressure gradient of more than 50 mm Hg across the RVOT
was the threshold for recommending reoperation. 
Pulmonary regurgitation is difficult to quantify and was not
an indication for reoperation until there was evidence of
increasing right ventricular dilatation, often with the onset of
tricuspid regurgitation and usually associated with increased
symptoms or onset of arrhythmia. Severe pulmonary regurgi-
tation (n = 23) and conduit failure (n = 13) were the most fre-
quent causes of RVOT complications. Of the 23 patients with
severe pulmonary regurgitation, 17 (74%) initially had the
RVOT reconstructed with a transannular patch, a pulmonary
valvotomy was performed in 3, and an infundibular patch
without pulmonary valvotomy was performed in 1. The sur-
gical techniques at initial corrective repair were unknown in
the remaining 2 patients. 
Of the 13 patients with conduit failure, 9 had insertion of a
valved conduit at initial corrective repair, a mean of 19.4 ±
5.4 years previously (range 12.1-30.5 years). In 3 of these 9
patients the conduit had been inserted at a reoperation 6.7,
4.6, and 10.3 years after the initial repair and 4.9, 7.0, and 8.4
years before the most recent reoperation. Four patients with-
out conduit implantation at initial repair underwent RVOT
reconstruction with a valved conduit at a previous reoperation
7.4 ± 5.9 years (range 2.3-15.8 years) after the initial repair
and 11.3 ± 6.2 years (2.6-17.2 years) before the most recent
reoperation. 
A history of sustained (ie, longer than 30 seconds) ventric-
ular tachycardia was present in 20 patients, 17 of whom had
RVOT lesions, 2 a ventricular septal defect, and 1 no hemo-
dynamic lesion. 
The functional class was New York Heart Association
(NYHA) class I or II in 37 patients (62%) and class III or IV
in 23 (38%) (Fig 1). The group in NYHA class I (n = 19)
includes patients with ventricular arrhythmia associated with
hemodynamic abnormalities and patients contemplating
pregnancy who had important residual RVOT obstruction or
conduit stenosis (right ventricular systolic pressure > two
thirds of left ventricular pressure or gradient > 50 mm Hg
across the RVOT).
Surgical procedures. Thirty-five patients (58%) under-
went palliative procedures before their repair (Blalock-
Taussig shunt in 29, Waterston shunt in 4, and Potts anasto-
mosis in 2 patients). 
The surgical techniques used for initial repair of the RVOT
are presented in Fig 2. A transannular patch (n = 23) or a valved
conduit (n = 9) was used in 53% of the study population. 
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Table I. Demographic data
Median Mean 1 SD Range
Age (y)
At corrective repair 10.4 13.3 9.6 4.1-55.9
At recent reoperation 31.3 33.3 9.6 20.6-61.9
At latest follow-up 36.8 38.3 9.5 22.7-69.6
Follow-up interval (y)
Initial repair to reoperation 20.0 6.9 6.0-36.4
After reoperation 5.0 4.9 0.3-21.4
Table II. Major hemodynamic indications for 
reoperation*
Primary lesion n %
RVOT complications 45 75
Severe pulmonary regurgitation 24 40
Conduit failure 13 22
RVOT obstruction 5 8
Severe PR and RVOT obstruction 3 5
VSD patch leak (Qp/Qs > 1.5) 6 10
Severe tricuspid regurgitation 3 5
Patent Blalock-Taussig shunt 3 5
Others 3 5
RVOT, Right ventricular outflow tract; VSD, ventricular septal defect; PR, pul-
monary regurgitation; Qp, pulmonary blood flow; Qs, systemic blood flow.
*The table lists only the primary hemodynamic lesion leading to reoperation.
Most patients have multiple lesions; in 29, there was atrial (n = 9) or ventric-
ular (n = 20) tachycardia.
Surgical procedures at the most recent reoperation are
described as either primary procedures directed at correction
of the major hemodynamic abnormality or as additional surgi-
cal procedures performed to repair associated abnormalities.
Previous reoperations after initial repair had been per-
formed in 11 patients (18%): 1 prior revision in 8, 2 revisions
in 2, and 3 revisions in 1 patient. Eight of these patients had
the reoperation during childhood or adolescence (age < 18
years) and 3 patients during adulthood at another center. 
Surgical procedures for arrhythmias
Ventricular tachycardia. A preoperative electrophysiologic
study was part of the assessment in patients with a history of
sustained ventricular tachycardia lasting more than 30 sec-
onds. Preoperative sustained ventricular tachycardia was doc-
umented in 20 patients (33%). 
Intraoperative mapping by the technique previously de-
scribed15,16 was performed if monomorphic ventricular tachy-
cardia was inducible at preoperative electrophysiologic study.
Localized re-entry pathways of ventricular tachycardia were
ablated with cryolesions during cardioplegic cardiac arrest.
Sixteen of 20 patients with sustained preoperative ventric-
ular tachycardia had a monomorphic pattern and underwent
intraoperative mapping. One or 2 pathways were identified in
11 patients who underwent ventricular cryoablation. The site
of ventricular tachycardia was predominantly the infundibu-
lar septum adjacent to the ventricular septal defect patch (n =
10) or the right ventricular free wall adjacent to the previous
ventriculotomy in 1 patient.
The 5 patients who did not undergo intraoperative cryoab-
lation had noninducible ventricular tachycardia (n = 4) or
multifocal origin (n = 1). Intraoperative mapping was not car-
ried out in 4 patients with preoperative ventricular tachycar-
dia because results of their preoperative electrophysiologic
study were within normal limits (n = 3) or because electro-
physiologic evaluation was not available early in the series (n
= 1).
Atrial arrhythmias. Nine patients had a history of
supraventricular tachycardia consisting of intermittent atrial
flutter in 4 and atrial fibrillation in 5. Intraoperative atrial
mapping and cryoablation was used in the 7 patients with
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Fig 1. Functional status (NYHA class) before and after reoperation. The condition of 35 patients (58%) improved
after reoperation. NYHA class I/II before (n = 37, 62%) versus after (n = 56, 93%) reoperation, P < .05. Class
denotes New York Heart Association classification.
Fig 2. Surgical technique used for initial corrective repair. Transannular patch and valved conduit was used in
53% of patients. This percentage reflects the technique used during this era in Toronto.
atrial tachycardia operated on after 1996. Cryolesions were
applied between the tricuspid valve and inferior vena cava
adjacent to the edge of the coronary sinus and extending the
lesions up onto the atrial septum. The patients undergoing
cryoablation had either atrial flutter (n = 4) or atrial fibrilla-
tion (n = 3).
Statistical analysis. All data are presented as the mean
value ± 1 SD. Probability of survival after reoperation was
calculated by Kaplan-Meier analysis with the use of the SPSS
program (version 7.0 for Windows 95, SPSS, Inc, Chicago,
Ill). A c 2 test was performed to compare categoric variables.
Results
Sixty patients underwent repair of at least 1 residual
lesion and 46 patients had an additional 115 associated
procedures (Table III). The number of reoperations has
increased in recent years (Fig 3). Seventy-two percent
(n = 43) of all reoperations were performed after
January 1, 1990. 
Primary procedure. The primary procedures reflect
the main indications for reoperation (Table III). RVOT
reconstruction was performed in 45 patients. A bio-
prosthetic valve in the orthotopic pulmonary position
was inserted in 42 of the 45 patients: the other 3 had a
valve repair and RVOT patch (n = 2) or a pulmonary
allograft conduit (n = 1). 
Additional procedures. Additional procedures (n =
115) to correct secondary abnormalities at the time of
reoperation were performed in 46 patients (77%)
(Table III). Combined procedures to reconstruct the
RVOT and perform pulmonary arterioplasty, intraoper-
ative electrophysiologic study, and closure of an atrial
shunt were most frequent.
Perioperative morbidity and mortality. There were
no perioperative deaths. Perioperative morbidity was
15% (n = 9) and included injury of the aorta and left
coronary artery during sternotomy in 2 patients in
whom there had been 3 or more previous sternotomies.
In 1 of these 2 patients the postoperative course was
further complicated by cardiogenic shock, sepsis, and
sternal osteomyelitis. Other postoperative complica-
tions were postoperative bleeding necessitating rester-
notomy (n = 3), sternal osteomyelitis (n = 1), Klebsiella
bacteremia resulting from endocarditis (n = 1), a mild
form of adult respiratory distress syndrome (n = 1), and
cardiogenic shock (n = 1).
Late mortality by Kaplan-Meier analysis. Ten-year
survival is 92% ± 6% (Fig 4). Two deaths occurred dur-
ing follow-up. A 36-year-old man died 8 months after
closure of a large ventricular septal patch leak. Death
was caused by severe pulmonary hypertension and pul-
monary vascular disease. A 70-year-old man died 7.7
years after reoperation of end-stage myocardial failure.
He underwent initial TOF repair at the age of 56 years. 
Late outcome: Symptoms. NYHA classification
improved in 35 patients (58%) after reoperation. Fifty-
six patients (93%) are in NYHA class I or II at most
recent follow-up (Fig 1). The condition of 4 patients
deteriorated after reoperation, including that of 2 who
died (described earlier), and 2 had progressive heart
failure including a patient who required heart trans-
plantation 10 years later. 
Late outcome: Ventricular and atrial arrhythmias
Atrial arrhythmia. Fifty-two patients (87%) were in
sinus rhythm at most recent follow-up. Among the 50
patients who were in sinus rhythm before the operation,
46 (92%) remain in sinus rhythm. Among the other 4
patients, 1 had atrial fibrillation and 3 required pacing:
1 for late-onset complete atrioventricular block 7
months after the operation, 1 for bradycardia-tachycar-
dia syndrome at 3 years, and 1 for syncope with a long
HV interval.
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Table III. Primary and additional procedures
As primary As additional 
Operative procedures procedure procedure Total
RVOT reconstruction 45 (75%) 32 77
Bioprosthetic valve 42 (70%) 3 45
RVOT aneurysmectomy 0 14 14
Other RVOT reconstructions 3 (5%) 14 17
VSD patch leak repair 6 (10%) 5 (8%) 11
Tricuspid valve surgery 3 (5%) 8 (13%) 11
Valve replacement 2 (3%) 0 2
Valve repair/ring 1 (2%) 8 (13%) 9
Closure of BT shunt 3 (5%) 2 (3%) 5
Pulmonary arterioplasty 1 (2%) 23 (38%) 24
Intraoperative EPS 1 (2%) 19 (32%) 20
Mapping 1 (2%) 19 (32%) 20
Atrial cryoablation 0 7 (12%) 7
Ventricular cryoablation 1 (2%) 10 (17%) 11
Closure ASD/PFO 0 13 (22%) 13
Others 1 (2%) 13 14
One hundred fifteen additional procedures were performed in 46 patients
(77%). Numbers denote numbers of procedures, and % denotes percentage of
patients who underwent the procedure. Other procedures for RVOT recon-
struction were infundibulectomy, RVOT patch, and pulmonary valvotomy.
More than 1 procedure for RVOT reconstruction was usually required in the
45 patients (75%) with RVOT complications as the main indications; 4
patients (7%) undergoing reoperation for another main indication underwent
RVOT reconstruction. The other primary procedure is aortic valve replace-
ment. Other additional procedures include plication of the right atrial wall (n
= 3), oversewing of an aneurysmal ventricular septal defect patch (n = 2),
aorta-coronary bypass (n = 2), occlusion of patent ductus arteriosus (n = 2),
insertion of an epicardial pacemaker leads (n = 2), patch enlargement of aor-
tic arch and creation of a bypass graft from the ascending to descending aorta
with Hemashield cardiovascular fabric (Boston Scientific Corporation,
Boston, Mass) (n = 1), and mitral valve repair (n = 1). BT shunt, Blalock-
Taussig shunt; EPS, electrophysiologic study; ASD, atrial septal defect; PFO,
patent foramen ovale; RVOT, right ventricular outflow tract; VSD, ventricular
septal defect. 
Six of the 9 patients who had preoperative supraven-
tricular tachycardia reverted to sinus rhythm, including
all 4 patients who had cryoablation for atrial flutter.
However, 2 of these 4 patients had transient supraven-
tricular tachycardia necessitating treatment before
resolving to sinus rhythm.
Atrial fibrillation persisted in 3 patients despite
cryoablation and a fibrillation developed in a fourth de
novo (described earlier).
Ventricular arrhythmia. Four patients (7%) had a
bout of sustained ventricular tachycardia during fol-
low-up, compared with 33% of patients in whom it was
present before the operation (P = .01). Three of these 4
patients were among the 20 with preoperative ventricu-
lar tachycardia, an incidence of 15%. The fourth patient
had ventricular tachycardia de novo, an incidence of
2.5% among patients without preoperative ventricular
tachycardia. 
Among the 11 patients with ventricular tachycardia
who were treated with cryoablation, 2 (18%) have post-
operative ventricular tachycardia, a prevalence that is
not different from the 1 recurrence among the 9
patients with preoperative ventricular tachycardia who
did not undergo cryoablation. 
An implantable defibrillator was used in 1 of the
patients with postoperative ventricular tachycardia. In
the other 3, tachycardia has been controlled with med-
ication alone. 
Discussion
Although long-term outcome and quality of life are
excellent after repair of TOF, an increasing number of
adults who have had the repair are having long-term
complications leading to reoperation.1-4,8,9,14 In this
study, there is a marked increase in reoperations after
1990 (Fig 3), which reflects both the growing popula-
tion of adults with repaired TOF and their propensity
to become more symptomatic later in life. The cohort
of adults undergoing reoperation is drawn from a pop-
ulation of 330 patients having regular follow-up in the
Adult Clinic and from a total population at risk over
age 18 years estimated at 1467 patients. All adults with
repaired TOF have some residual hemodynamic
lesions that are generally well tolerated for many
years. Reoperation was recommended when there was
a deterioration in the patient’s clinical status or there
were objective signs of deteriorating right heart func-
tion, often with the onset of ventricular or supraven-
tricular arrhythmia. Reoperation may also be advised
for patients who are free of symptoms but need an
optimal clinical status to tolerate pregnancy. These
guidelines for reoperation are described in the
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Fig 3. Cumulative percent of reoperations from 1975 until March 1997. There is a marked increase of reopera-
tions in recent years. N indicates numbers of reoperations. Asterisk denotes March 31, 1997.
Fig 4. Kaplan-Meier actuarial survival analysis for patients
after reoperation. N represents the number of patients enter-
ing each time interval.
Consensus Conference on Adult Congenital Heart
Disease.14
We found that long-term complications of the RVOT
are the most prevalent reasons for reoperation and were
often associated with sustained ventricular tachycardia.
Pulmonary valve insufficiency was the most common
lesion, and the condition of these patients improved
substantially with implantation of an orthotopically
positioned prosthetic pulmonary valve. 
Operative risk was minimal and perioperative mor-
bidity was 15%. Severe complications during rester-
notomy were more common in patients with 2 or more
previous operations. 
Previous studies reporting the nature of reoperations
after TOF repair have included all age groups with
adult patients comprising only a small subset.2,13,17-19
Our experience regarding the nature of reoperation dif-
fers from that of others who report ventricular septal
patch leaks as the main reason for reoperation. The dif-
ference may be attributed to the different study popula-
tions and to the length of follow-up.2 Although reports
on restoration of the RVOT exist,13,14,17-20 pulmonary
regurgitation is reported to be well tolerated through
childhood and adolescence in the absence of important
additional lesions.1,18,20 One report found a low inci-
dence of reoperation for severe pulmonary regurgita-
tion in the absence of important pulmonary artery
stenosis.21 In contrast, another study observed a signif-
icantly lower 25-year survival in patients with a
transannular RVOT patch compared with that of
patients without a patch.22 The ability of a patient to
tolerate pulmonary valve regurgitation varies consider-
ably, and recent studies by Gatzoulis,23 Norgard,24 and
their associates have demonstrated the protective effect
of a poorly compliant right ventricle. 
The natural history of isolated congenital pulmonary
regurgitation with an otherwise anatomically normal
heart is benign during the first 20 to 30 years of life.25
However, the development of symptoms is evident,
with increasing frequency after the age of 30 years.25
The concept that severe pulmonary regurgitation results
in symptoms at longer-term follow-up is supported by
our observations that 75% of patients in our study
required reconstruction of the RVOT, often for sympto-
matic pulmonary regurgitation. 
We have previously reviewed the long-term durabili-
ty of the bioprosthetic valve in the pulmonary position.
Actuarial survival in patients receiving a pulmonary
bioprosthesis is 95% at 10 years, at which time 86% are
free of valve reoperation.19 Other techniques of restor-
ing the RVOT may be appropriate,13,17,18 but if a valve
is required, a bioprosthesis is favored and is superior to
a mechanical valve.26
Both ventricular (33%) and supraventricular (15%)
tachycardia are common in patients with residual
lesions late after TOF repair. Arrhythmias are known to
be an important cause of long-term morbidity and mor-
tality in patients with TOF,2,5,7,8,27-29 and sudden car-
diac death is reported in several reports with long-term
follow-up studies, with an incidence up to 6%.28 A
number of risk factors for ventricular arrhythmia have
been identified.8,29 More recently, the association
between chronic right ventricular volume overload
(often indicated by QRS prolongation) and ventricular
arrhythmia has been identified.27 The prevalence of
ventricular tachycardia in our series decreased to 7%
after reoperation. Most of this improvement is associ-
ated with repair of residual lesions, such as pulmonary
insufficiency, and the role of cryoablation in treating
either ventricular or atrial tachycardia is not yet clear.
Nevertheless, intraoperative mapping has clarified the
site and mechanism of the arrhythmia, and we antici-
pate that further experience will demonstrate a benefi-
cial effect on direct arrhythmia control. 
Limitation of the study
Our retrospective study was performed at a tertiary
care center, and the patient population may be highly
selected. However, the majority of operations for con-
genital heart disease in adults in Ontario (population
10,000,000) are performed at our site, and we believe
the spectrum of reoperations in TOF is representative
for centers dealing with adults after TOF repair. 
Subjective improvement of functional class is evident
in our patients, but no objective data from hemody-
namic studies or cardiopulmonary exercise tests are
available. However, cardiorespiratory improvement
after restoration of hemodynamic abnormalities has
been demonstrated in children and adolescents with
TOF.13,18,30
Conclusions and implications
The patients in this series underwent repair at a much
older age (13 years), and repair was often preceded by
1 or more palliative operations. Neither of these situa-
tions pertains to present practice, in which primary
repair is performed in the first year of life and the
extent of RVOT resection is considerably less.
However, the data from Shimazaki, Blackstone, and
Kirklin25 are highly relevant in pointing out that
patients without surgery and with anatomically normal
hearts, except for a congenitally incompetent pul-
monary valve, will have symptoms of right heart failure
later in life. In addition, our intraoperative electrophys-
iologic study has demonstrated that the site of ventric-
ular arrhythmia is predominantly around the margins of
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the ventricular septal defect patch and not the ventricu-
lotomy site per se. Therefore the infant with TOF
undergoing repair in the present era will be at life-long
risk of complications from the ventricular septal defect
repair and from the RVOT residual disease. When these
children reach adulthood, reoperation may be less
prevalent and occur later in life, but it is unlikely that
reoperation will be entirely avoided. The present
review focuses attention on the late complications of
patients undergoing repair of TOF in an earlier era but
alerts us to potential problems that our patients of today
may encounter.
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